Oxaliplatin is a third-generation platinum derivative used for metastatic or advanced colorectal cancer treatment. Although myelosuppression is the most common cause of oxaliplatin-induced thrombocytopenia, rare cases of oxaliplatin-induced immunemediated thrombocytopenia are reported. We report a case of a 57-year-old woman with colon cancer who developed gum bleeding and petechiae after oxaliplatin infusion. Laboratory tests revealed grade 4 thrombocytopenia and grade 4 neutropenia. She recovered from the thrombocytopenia and accompanying neutropenia within 4 days with no recurrence following discontinuation of oxaliplatin. Physicians need to be aware of the risk of severe acute thrombocytopenia following oxaliplatin administration.
Introduction
Oxaliplatin is a third generation platinum analog given to patients with metastatic or advanced colorectal cancer. The combination of oxaliplatin, fluorouracil, and leucovorin improves disease-free survival in patients with metastatic and stage II or III colorectal cancer [1] [2] [3] .
Thrombocytopenia, a common side effect of oxaliplatin, occurs in more than 70% of patients with colorectal cancer receiving oxaliplatin. However, grade 3-4 thrombocytopenia causing life-threatening bleeding presents in only 3%-4% of patients [4] . According to Jardim et al. [5] , oxaliplatin-related thrombocytopenia can occur by three mechanisms. The main cause of thrombocytopenia related to oxaliplatin is myelosuppression, which represents asymptomatic thrombocytopenia. In some patients, hepatic sinusoid damage by oxaliplatin leads to portal hypertension and resultant splenic sequestration of platelets. The third mechanism, immunemediated thrombocytopenia, rarely occurs during oxaliplatin [6] . Although rare, this immune-mediated mechanism can result in grade 3-4 thrombocytopenia with lifethreatening bleeding, hypersensitivity reactions, or hemolysis [6] . These symptoms and thrombocytopenia occur suddenly after administration of oxaliplatin and are easily treated by stopping oxaliplatin infusion. However, because of its rarity, physicians are usually not familiar with this oxaliplatin-induced immune-mediated thrombocytopenia. We report a case of immune-mediated thrombocytopenia associated with oxaliplatin. In October 2011, disease recurrence in a pericaval LN was noted in 18 F-fluorodeoxyglucose positron emission tomography-computed tomography (PET-CT). Therefore the patient again received 12 cycles of palliative mFOLFOX6, resulting in stable disease. There was no hypersensitivity reaction associated with oxaliplatin during these chemotherapy cycles.
Case Report
In January 2013, PET-CT showed progression of metastatic lesions in left hilar and paravertebral area, and palliative mFOLFOX6 was resumed. On the sixth cycle, she felt a squeezing pain along the spine from her head to the lumbar area after oxaliplatin administration. Nine hours after oxaliplatin infusion, she developed mild gum bleeding and petechiae spreading from the needle site over her entire left arm. At this time, complete blood count (CBC) revealed thrombocytopenia and neutropenia: platelet count of 4,000/mm 3 , white blood cell (WBC) count of 210/mm 3 , and absolute neutrophil count (ANC) of 80/mm 3 . The platelet and WBC levels were in the normal range on admission: platelet count of 129,000/mm 3 , WBC count of 3,440/mm 3 , and ANC of 1,850/mm 3 . The bicytopenia resolved in a few days after platelet transfusion and granulocyte-colony stimulating factor (G-CSF) administration (Fig. 1) . We thought it better to reduce the dose of oxaliplatin on the next cycle than stop the mFOLFOX6 cycles, because the side effects were not severe and resolved easily.
On the seventh cycle of mFOLFOX6, the dose of oxaliplatin was reduced to 70 mg/m 2 . On admission, the laboratory test showed normal WBC and platelet counts: platelet count of 207,000/mm ( Fig. 2) . After three days of supportive care with platelet transfusion and G-CSF injection, the platelet and WBC count recovered to 77,000/mm 3 and 6,270/mm 3 respectively, and back pain, gum bleeding and petechiae also improved. She was discharged from the hospital on the fourth day after oxaliplatin administration. We decided to stop the palliative mFOLFOX6 chemotherapy. She receives regular check-ups, and the disease has not progressed further at this time.
Discussion
Thrombocytopenia of all grades is reported in up to 70% of patients exposed to oxaliplatin. However, only 3%-4% of patients present with grade 3-4 thrombocytopenia with the risk of life-threatening bleeding [1, 2, 4] . We report a rare case of oxaliplatin-related thrombocytopenia with bleeding.
The most common cause of oxaliplatin-induced thrombocytopenia is bone marrow suppression, which develops in 45%-77% of colorectal cancer patients who receive oxaliplatin [1, 2, 7] . In these cases, bleeding is not common, and concomitant anemia and neutropenia are frequent. Chemotherapyinduced myelosuppression usually reaches nadir 10-14 days after chemotherapy administration and does not cause extreme thrombocytopenia within several hours of oxaliplatin administration [5] . In the present case, myelosuppression was excluded, as oxaliplatin-dependent thrombocytopenia developed within several hours, accompanied by gum bleeding.
Another mechanism of oxaliplatin-induced thrombocytopenia is splenic sequestration. The hepatic sinusoid can be injured by chemotherapy including oxaliplatin, resulting in portal hypertension leading to splenic sequestration of platelets. This phenomenon is characterized by prolonged thrombocytopenia and splenomegaly [8] . Our patient did not have splenomegaly in A-PCT and recovered from acute thrombocytopenia immediately after platelet transfusion.
Drug-induced immune-mediated thrombocytopenia is also a possible mechanism of oxaliplatin-induced thrombocytopenia. Several studies identified oxaliplatin-dependent platelet glycoprotein IIb/IIIa complex-specific antibodies in patients who developed severe acute thrombocytopenia in only one or two days after oxaliplatin administration [8] [9] [10] . A definitive diagnosis of oxaliplatin-induced immune-mediated thrombocytopenia can be established by detection of oxaliplatin-dependent IgG antibodies in patients' sera [9] . However, it can be diagnosed clinically by acute thrombocytopenia occurring within several hours of oxaliplatin infusion, frequently accompanied by hemolysis or neutropenia. Platelet counts recover rapidly after discontinuation of oxaliplatin and transfusion [5] .
These three mechanisms of thrombocytopenia are summarized and compared with the thrombocytopenia in our case (Table 1) . Our case was similar to oxaliplatin immune-mediated thrombocytopenia [5] . In our case, the patient presented with symptomatic thrombocytopenia developing several hours after oxaliplatin administration and resolving rapidly after discontinuation of oxaliplatin. Therefore, we diagnosed oxaliplatin-induced immune-mediated thrombocytopenia without a laboratory test for oxaliplatin-dependent IgG antibodies. Accompanying neutropenia in the present case is in line with the previous two case reports of oxaliplatinrelated acute pancytopenia [8, 11] . In these reports, acute pancytopenia occurred by production of oxaliplatin-dependent antibodies to platelets, red blood cells and neutrophils, respectively.
Suzuki et al. [12] reviewed 24 cases of published oxaliplatin-induced acute thrombocytopenia and Ohta et al. [13] reviewed 20 cases. Sixteen of 20 cases in Ohta et al.'s study [13] were also included in Suzuki et al.'s study [12] . These cases suggested that female gender and prolonged exposure to oxaliplatin were risk factors for developing immunemediated thrombocytopenia. With the exception of symptoms related to thrombocytopenia, patients presented with hypersensitivity reactions such as chills, fever, rash, abdominal or back pain, and bronchospasm. The average number of cycles prior to onset of thrombocytopenia was 16.8 (range, 3 to 25 cycles) in 25 cases in these two studies [12, 13] . Most of these oxaliplatin immune-mediated thrombocytopenia cases were induced after 10 cycles of chemotherapy (76% of patients in Suzuki et al. [12] and Ohta et al.'s [13] reports). In the current case, thrombocytopenia occurred in the 40th cycle of oxaliplatin chemotherapy. Our patient had been exposed to oxaliplatin even longer than other cases, although she had not received 40 continuous cycles of oxaliplatin-containing chemotherapy.
We did not realize that the first episode of acute thrombocytopenia in the present case was oxaliplatin-dependent immune-mediated thrombocytopenia, and considered it transient thrombocytopenia of unknown etiology. When the patient received oxaliplatin again, the gum-bleeding and thrombocytopenia developed more rapidly. The possibilities of disseminated intravascular coagulation and idiopathic thrombocytopenia were excluded because prothrombin time and partial thromboplastin time levels were in the normal range and evidence of hemolysis was not found on peripheral blood smear. Myelosuppression was also excluded due to normal range of CBC on admission. Since the platelet and WBC levels decreased suddenly during oxaliplatin administration and recovered following interruption of oxaliplatin, platelet transfusion and G-CSF administration, a diagnosis of oxaliplatin-associated immune-mediated thrombocytopenia was made. Reflecting on our experience, if a physician is not aware of oxaliplatin-induced immune-mediated thrombocytopenia, proper management may be delayed. Currently, there are no specific preemptive measures to prevent or predict oxaliplatin-induced immune-mediated thrombocytopenia. The only method for early detection is a high level of suspicion. There are also no specific management guidelines. Platelet count usually recovers rapidly after discontinuation of oxaliplatin, but platelet transfusion is helpful for increasing platelet levels in case of clinically meaningful bleeding. The value of corticosteroid is not certain yet [5] . Because of the rarity of the condition and lack of uniformity of previous case reports regarding corticosteroid administration, there is currently insufficient evidence for using corticosteroid. The most important countermeasure is not giving oxaliplatin again.
In conclusion, oxaliplatin-induced immune-mediated thrombocytopenia is a rare but important complication of oxaliplatin-containing chemotherapy that presents with acute symptomatic thrombocytopenia accompanied by fever, rash, and abdominal or back pain. A physician who treats patients with oxaliplatin should keep in mind the possibility of oxaliplatin-induced immune thrombocytopenia that may cause life-threatening bleeding, and consider discontinuing oxaliplatin administration and checking complete blood cell counts.
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